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COMMUNICATIONS POWER CONTROL 
Field of the Invention 

The present invention lelates to power control in radio communicatiQns 
5 systems. The present invention relates in particular, but not exclusively, to outer 
loop power control in cellular communications systems, for example Uidversal 
Mobile Telecommtmications System (UMTS) systems. 

Bad^round of the Invention 

10 

Radio communications systems, for example cellular radio 
communications systems, are well known. In cellular radio communications 
systems, communication is carried out over radio links formed between base 
stations and subscriber tmits. A subscriber unit is typically a mobile telephone 
15 (also known as a "mobile" or a "cell phone"). 

Recentiy, cellular radio commtmicatioiis systems compliant witii the well 
known Universal Mobile Telecommunications System (UMTS) standard have 
been implemented. In UMTS terminology, a base station is known as a Node-B, 
20 and a subscriber unit is known as a User Equipment (UE). UMTS is particularly 
suitable for commimicating both voice and data, including so called multi-media 
data. 



25 



In radio communications systems, for example in cellular radio 
commtmications systems, power control is employed to attempt to avoid 




-2- 

» 

tunnecessarily high levels of radio transmission power being used* Power control 
may be employed to control ttie power level of transmission from a base station 
to a subscriber unit and/or from a subscriber imit to a base station. Broadly 
speaking, the power is adjusted to be sufficiently high to meet a performance 
5 target or criterion, but no higher than is required to achieve this performance 
target or criterion. 

In UMTS, the performance target employed in power control is that of 
signal to interference ratio (SIR). Power control is implemented by determining 
10 the SIR^ usually at every timeslot (which in UMTS is eveiy 0.67 msec). The 
determined SIR is compared to a SIR target, and ttie power level is adjusted 
accordingly. This is referred to as inner loop power control. 



Some communications systems further implement outer loop power 
15 control. In outer loop power control, a further performance aspect is monitored. 
The value of the performance target used in the inner loop power control is then 
varied according to Ihe monitored level of the further performance aspect. This 
variation is carried out at a less frequent rate than the inner loop power control 
assessments and adjustments. In UMTS, the further performance aspect may be 
20 chosen as any one of various Quality of Service (QoS) parameters, but typically 
Frame Erasure Rate (PER) is used for voice commxmication and Block Error Rate 
(BLER) is used for data communication. In UMTS, the outer loop power control 
is implCTiented such that the inner loop performance target is varied (or 
potentially varied) every few htmdred microseconds. 



25 
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A further detail in relation to UMTS, and potentiany other radio 
communications systems communicating differing types of data, e.g. mialti- 
media, is that different types of data (i.e. different services) may require different 
values of the SIR target to be employed in the mner loop power control due to 
differing quaUty of service needs. For example, a real-time video service may 
require a higher SIR Utian a real-time voice service due to more detail being 
lequired. Anotiier example is tiiat any such real-time service may require a 
higher SIR tiian data services tiiat are not real-time, eg. downloading of static 
web pages. 

Conventionally, any conflict arising from ttiese differing requirements has 
not been considered or addressed. 



^ ^ Smmnaty of the Invention 

The present inventors have realised tiiat it woxild be desirable to modify 
tiie cohventional outer loop power contirol process when two or more differing 
services are being communicated. 



20 



In a first aspect, the present invention provides an outer loop power 
contirol metiiod performed in a radio communications system, tiie mettiod 
comprising: determining that a pluraUty of different services are being 
communicated; performing a comparison wltii respect to tiie different services; 
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and providing an inner loop power control performance target in a manner 
dependent upon the comparison. 

In a further aspect, the present invention provides an outer loop power 
5 control method performed in a radio commtmications system, the method 
comprising: selecting one of a plurality of services being communicated; and 
providing ttie inner loop power control performance target of the selected service 
for use in an inner loop power control method for the services. Selecting the one 
service may comprise selecting the service which is the least delay tolerant 
10 service. Selecting the one service may be based upon a comparison of one or 
more quality of service characteristics or requirements of the services. Selecting 
the one service may comprise receiving an input from a user or operator 
specifying the service. 

15 

In a further aspect, the present invention provides an outer loop power 
control method performed in a radio commtmications system, the method 
comprising: periodically calculating, for each of a plurality of different services 
being commtmicated, a separate change to titie current inner power loop 
20 performance target; comparing the restilting respective current inner power loop 
performance target changes; identifying the largest of the resulting respective 
current iimer power loop performance target changes; and changing the current 
inner power loop performance target by the amotmt of the identified largest 
resulting respective current inner power loop performance target changes to 
25 arrive at tiie inner loop power control performance target being provided. 



-5- 



CE10327EP 



In a further aspect, the present invention provides an outer loop power 
control method perfbnned in a radio communications system, the method 
comprising: periodically calculating, for each of a pluraHty of different services, a 
separate new inner loop power control performance target value; comparing the 
resulting respective inner loop power control performance target values; 
identifying the highest inner loop power control performance target value from 
among the resulting respective mner loop power control performance target 
values; and using the identified highest inner loop power control performance 

target value as the inner loop power contirol performance target being provided, 
m this aspect the method may fixrttter comprise: determining that one of the 
resulting respective inner loop power contirol performance target values differs 
from tiie resulting respective mner loop power control performance target value 
of one or more of the other services by more titan a predetermined threshold for 
more than a predetermined time; and responsive titereto, adjusting rate matching 
parameters of one or more of the services to bring the differing respective inner 
loop power control performance target value doser to the resulting respective 
inner loop power contirol performance target values of the one or more other 



services. 



In any of tfie above aspects, tiie inner loop power control performance 
target may be a signal to interference ratio, SIR, target 

In any of the above aspects, tiie radio communication system may be a 
cellular radio communications system, and in particular may be a UMTS system. 
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In a further aspect, the present invention provides a storage medium 
storing processor-implementable instructions for controlling a processor to carry 
out the mettiod of any of the above mentioned a^cts. 

5 

In a further aspect, the present invention provides an apparatus for 
performing an outer loop power control method in a radio commtmications 
system, comprising: means for determining that a pluraUty of different sendees 
are being commxmicated; means for performing a comparison with respect to the 
10 different services; and means for providing an inner loop power control 
performance target in a manner dependent upon the comparison. 

In a further aspect/ the present invention provides an apparatus for 
performing an outer loop power control method in a radio communications 
1 5 system, comprising means for selecting one of a plvurality of services being 
communicated; and means for providing the inner loop power control 
performance target of the selected service for use in an inner loop power control 
method for the services. The means for selectmg the one service may comprise 
means for selecting the service which is the least delay tolerant service. The 
20 means for selecting the one service may comprise means for basing the selection 
upon a comparison of one or more quality of service characteristics or 
requirements of the services. The means for selecting the one service may 
comprise means for receiving an input from a user or operator specifying the 
service. 



25 
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In a further aspect, the present invention provides an apparatus for 
performing an outer loop power control method in a radio communications 
system, comprising: means for periodicaUy calculating, for each of a pluraUty of 
services being commimicated, a separate change to the current inner power loop 
performance target; means for comparing the resulting respective current inner 
power loop performance target changes; means for identifying the largest of the 
resulting respective current inner power loop performance target diailges; and 
means for changing the current inner power loop performance target by the 
amount of the identified largest resulting respective current inner power loop 
performance target changes to arrive at the hmer loop power control 
performance target being provided. The apparatus may further comprise: means 
for periodically calculating, for each of the services, a separate new inner loop 
power control performance target value; the means for performing a comparison 
with respect to the different services may comprise means for comparing the 
resulting respective inner loop power control performance target values; means 
for identifying the highest inner loop power control performance target value 
from among the resulting respective inner loop power control performance 
target values; and means for using the identified highest inner loop power 
control performance target value as the inner loop power control performance 
target being provided. The apparatus may further comprise: means for 
determining that one of the resulting respective inner loop power control 
performance target values differs from the resulting respective inner loop power 
conbrol performance target value of one or more of the other services by more 
tiian a predetermined tiireshold for more than a predetermmed time; and means 
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for adjusting, responsive thereto, rate matching parameters of one or more of ttie 
services to bring the differing respective iimer loop power control performance 
target value closer to the resulting respective inner loop power control 
performance target values of ihe one or more other services. 

5 

In each of the above mentioned apparatus, the iimer loop power control 
performance target may be a signal to interference ratio, SIR, target. 

Each of the above mentioned apparatus may be an element of a cellular 
10 radio communications system, in particular a UMTS system. 

The present invention tends to alleviate or resolve conflict arising from 
differing requirements with respect to outer loop power control of different 
services being communicated. The present invention tends to provide an 
15 unproved balance between quality of service requirement and overall power 
consumption when different services are being conununicated. 



Brief Description of the Drawings 

20 

Embodiments of the present invention wiU now be described, by way of 
example only, with reference to tihie accompanying drawings, in which: 



FIG. 1 is a schematic illustration of a cellular communications system 
25 compliant with, and containing network elements of, UMTS; 
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FIG. 2 is a block diagram of a communications unit; 

FIG. 3 is a process flowchart showing a summary of the process steps 
5 carried out in a first embodiment of the inv«ition; 

FIG. 4 is a process flowchart showing a summary of tiie process steps 
carried out in a second embodiment of the invention; 

10 FIG. 5 is a schematic illustration showing simplified plots of SIR targets 

provided in the case of two services as a function of time; 

FIG. 6 is a process flowchart showing a summary of the process steps 
carried out in a third embodiment of tiie invention; 

15 

FIG, 7 is a schematic illustration showing further simplified plots of SIR 
targets provided in the case of two services as a function of time; and 

FIG. 8 is a process flowchart showing a summary of the process steps 
20 carried out in a fouilh embodiment of the invention. 



Description of Preferred Embodiments 
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FIG. 1 is a schematic illustration of a cdltilar communications system 60 
compliant with, and containing network elements of, UMTS. 

A plurality of mobile stations, referred to under UMTS terminology as 
5 user equipments (UE's) 62, 64, 66 communicate over radio links 18, 19, 20, 21 
with a plurality of base stations, referred to under UMTS terminology as Node- 
B's, 22, 24, 26, 28, 30, 32. The system comprises many other UE's and base 
stations, whidi for darity are not shown. In iiiis example each UE 62, 64, 66 is a 
motnle telephone equipped with multi-media and intemet browsing capability. 

10 

The Node-B's 22-32 are connected to external networks, for example, the 
public-switched telephone network (PSTN) or the Intemet, 34 through base 
station controllers, referred to under UMTS terminology as Radio Network 
Controller stations (BUSTQ, including the RNC's 36, 38, 40 and mobile switching 
15 centres (MSC's), such as MSC 42 (the others are, for clarity, not shown) and 
Serving GPRS Support Nodes (SGSN) such as SGSN 44 (the otiiers are, for 
darity, not shown). 

Each Node-B 22-32 contains one or more transceiver imits and 
20 communicates with tiie rest of the cell-based system infrastructure via the lub 
interface 35 as defined in the UMTS spedtication. 

Eadi RNC 36-40 may control one or more Node-B's 22-3Z Each MSC 42 
provides a gateway to the external network 34, whilst the SGSN 44 links to 
25 external padcet networks. 
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The Operations and Management Centre (OMC) 46 is operably connected 
to RNCs 36-40 and Node-B's 22-32 (shown only with respect to Node-B 26 and 
Node-B 28 for clarity), and administers and manages the parts of the cellular 
5 telephone communication system 60, as will be xmderstood by those skilled in 
the art 

In this embodiment, the Node-B's 22-32 and the UE's 62-66 have been 
adapted, to offer, and provide for, an adapted form of outer loop power control, 

10 as will be described in more detail below. More particularly, in this embodiment 
both the Node-B's 22-32 and ttie UE's 62-66 have been adapted to unplement the 
present invention, such \hat in this embodiment the invention may be appUed to 
both downlink (from Node-B to UE) and uplink (from UE to Node-B) 
faansmissions. However, in otiier embodiments tiie invention may be applied by 

15 adapting just one of Hie types of communications units (Node-B's or UE's ). 

More generally, the adaptation may be implemented in the respective 
commimications units in any suitable manner. For example, new apparatus may 
be addied to a conventional commimicaticms tmit, or alternatively existing parts 
20 of a conventional communications xuiit may be adapted, for example by 
reprogramming of a one or more processors therein. As such the required 
adaptation may be implemented in tiie form of processor-implementable 
instructions stored on a storage medium, such as a floppy disk, hard disk, 
PROM, RAM or any combination of these or other storage media. 
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It is also within the contemplation of the invention that such adaptation of 
transmission characteristics may altematively be controlled, implemented in full 
or implemented in part by adapting any other suitable part of the 
commtinications system 60, For example, the RNCs 36-40 ^r equivalent parts in 
otiier types of systems) may be adapted to provide some or all of the 
implementation provided in this embodiment by the Node-B's 22-30. Further, in 
the case of other network infrastmctures, implementation may be at any 
appropriate node such as any other appropriate type of base station, base station 
controller etc. Altematively ttie various sl^s involved in determining and 
carrying out such adaptation (as will be described in more detail below) can be 
carried out by various components distributed at different locations or entities 
witiiin any suitable network or system. 

As mentioned above, in this embodiment both the Node-B's 22-30 and 
UE's 62-66 are adapted such that the invention may be applied in both uplink 
and downlink direction. As such the following description will be made in terms 
of downlink transmission from Node-B 24 to UE 62 over radio link 21, but it will 
be appreciated the description applies also to uplink transmission from UE 62 to 
Node-B 24, and so on. Also, in tiiis embodiment Node-B 24 and UE 62 are of the 
same basic form with respect to aspects relevant to imderstanding this 
embodiment, and thus each constitute a basic communications imit 110 as 
illustrated in block diagram form in FIG. 2, and which will now be referred to in 
tiie further description of this embodiment. 
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Eadi communications unit 110 contains an antenna 202 coupled to a 
duplex filter or circulator 204 that provides isolation between receive and 
transmit chains wittiin the commxmications unit 110. 

The receiver chain, as known in tiie art, includes scanning receiver front- 
end drcuitiy 206 (effectively providing reception, filtering and intermediate or 
base-band frequency conversion). The scanning front-end drcuit is serially 
coupled to a signal processing function 208. 

An output from tiie signal processing function is provided to output 210. 
In tiie case of UE 62, output 21Q includes a loudspeaker for audio output, a 
display and a data services output In the case oiF Node-B 24, output 210 
comprises interface means for commimicating with RNC 38. 



The receiver chain also includes received agnal strengtti indicator (RSSI) 
dicuitry 212, which in turn is coupled to a controUer 214 tfiat operates to 
maintain overall control of tiie different functions and modules of the 
communications unit 110. The confax)ller 214 is also coupled to ttie scanning 
receiver fiwnt-end drcuitiy 206 and the signal processing function 208 (generally 
20 realised by a digital signal processor, i.e. DSP). 

The contix)ller 214 includes a memory 216 that stores operating regimes, 
including tiiose of interest witti respect to this invention such as coding and 
interleaving (when tiransmitting) and decoding (when receiving). The above 
25 mentioned storage medium may form part or all of memory 216. 
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A timer 218 is typically coupled to tite controller 214 to control the timing 
of operations (transmission or reception of time-dependent signals) within the 
communications unit 110. 

5 

As regards the transmit chain, this includes an input 220. In the case of UE 
62, input 220 includes a microphone for a user's voice input, and a keyboard. In 
the case of Node-B 24, input 220 comprises interface means for receiving 
communication from RNC 38. The input devices are each coupled in series 
10 through transmitter/modulation drcuitry 222 and a power amplifier 224 to the 
antenna 202. The transmitter/modulation drcuitry 222 and titie power amplifier 
224 are operationally responsive to the controller. 

The varioxis components within each communications tmit 110 are 
15 realised in this embodiment in integrated component form. Of course, in other 
embodiments, they may be realized in discrete form, or a mixture of integrated 
components and discrete components, or indeed any other staitable form. 
Furtiier, in this embodiment the controller 214 including some or all of memory 
216, is implemented as a programmable processor, but in other embodiments can 
20 comprise dedicated circuitry or any other stdtable form (for example a part of 
memory 216 may be in RAM form integrated with a processor, whereas a further 
part may be provided by a floppy disk or CD-RAM. 
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Certain details of the implementation of the inner loop and outCT loop 
power control processes will now be described. First, the situation when just one 
service is being communicated will be described. 

5 For the inner loop power control, the performance target employed is that 

of signal to interference ratio (SIR). Power control is implemented by 
determining tiie SIR, usually at every timeslot (which in UMTS is every 0.67 
msec). The determined SIR is compared to a SIR target and the power level is 
adjusted accordingly. Thus, in terms of downlink transmission from Node-B 24 

10 to UE 62 over radio link 21, and considering UE62 as constituted by 

communications unit 110, controller 214 assesses the SIR for transmissions it 
receives from Node-B 24 against the relevant SIR target, and then transmits a 
resulting power control instruction (known as transmit power control, TPQ to 
the Node-B 24 such that Node-B 24 can flien adjust its transmitted power 

15 aax>rdingly. 

Furthermore, by virtue of Hie outer loop power control, the value of the 
SIR target used by the UE 62 in ttie process described in the preceding paragraph 
is itself varied by controller 214 of UE 62. This variation is carried out at a less 
20 frequent rate than the inner loop power control assessments and adjustmaits, in 
this example every few hundred microseconds. The controller 214 of UE 62 
monitors a further performance aspect, and then determines changes in the SIR 
target dependent upon the monitored level of the further performance aspect, 
using an outer loop power control algorithm, such as the sawtooth algorithm. 

25 
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In UMTS, the further performance aspect may be chosen as any one of 
various Quality of Service (QoS) parameters, but typically Frame Erasure Rate 
(FEB) is used for voice communication and Block Error Rate (BLER) is used for 
data commimication. 

5 

It is noted that corresponding features to those described above with 
respect to commtinications tmit 110 are also foimd in conventional 
communications tmits (i.e. base stations and UE's). Likewise, the inner and outer 
loop power control processes described above are also implemented in 
10 conventional communications units (Le. base stations and UE's). However, 
commimications imit 110 (Le. Node-B 24 and UE 62) differ over conventional 
communications tmits by virtue that titie controller 214, including memory 216, 
and where appropriate, the signal processing function 208 and tiie 
transmitter/modulation circuitry 222 is adapted to provide an adapted form of 
15 the outer loop power control process, when plural services are being 

coxxuntmicated (i.e. each of the plural services is ceurried on a respective transport 
channel of the same physical channel), as will be described in more detail below. 

In this first embodiment, when plural services are being commimicated, 
20 only one outer loop power control algorithm, i.e. for one of the services, is 
performed, and this provides the SIR target for use in iiie inner loop power 
control algorithm. The service whose SIR target is used as the sole SIR target may 
be selected in various ways. 
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For example, the least delay tolerant of the services may be selected. 
Another possibility is that the selection of the service may be based upon a 
comparison of one or more quality of service characteristics or requirements of 
the services. 

5 

Another possibility is that the service may be selected by a user of the UE 
62 or an operator of part or all of the system 60. In this case, the UE 62 or system 
60 receives an input from a user or operator specifying the service to be selected. 
The user or operator may be prompted to choose, or otherwise chooses, to select 
10 the service he considers to be the most important of the plural services according 
to his needs. 

In this embodiment, tiie service selected is the least delay tolerant one, and 
hence the SIR target normally used for the selected least delay tolerant service is 
15 tised as the SIR target for the outer loop power control. . 



More generally, the selection of the service whose SIR target is used as the 
sole SIR target may be made according to various possibilities, which may in 
20 general be specified according to tiie requirements of the particular system or 
circumstances under consideration. 

FIG. 3 is a process flowchart showing a summary of the process steps 
carried out in this first embodiment by the UE 62 (for the present account of 
25 power control as applied to the downlink transmission), when there are two 
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services being communicated/ e.g. a (first) speech service and a (second) data 
service. At step s2, the UE 62 determines the delay tolerance of the first service, 
At step s4, the UE 62 determines the delay tolerance of the second service. At 
step s6, the UE 62 compares the determined delay tolerances and determines 
5 which is the least delay tolerant of the services. At step s8, the UE 62 sets and 
xises its SIR target as that normally used by tiie determined least delay tolerant 
service. For power control as applied to the uplink transmission, corresponding 
process steps are performed by the Node-B 24 (or RNC 38). 

10 A second embodiment will now be described. In this second embodiment, 

the same apparatus and processes as described for the first embodiment above 
are employed, except where mentioned in the following. 



In UMTS, a Time Transmission Interval (TTI) is defined, which is a period 
15 of coding and interleaving. The length of this will depend on ttie service being 
coramunicated or provided, and wiU usually have a duration of one of 10 msec, 
20 msec, 40 msec or 80 msec. 

In this second embodiment, a singjle SIR target is initially set. At the end of 
20 each TTI, the block errors and quality estimates for each of the pliural transport 
channels (each one canying a respective one of the plural services) are tised to 
determine a respective potential change in the SIR target. Thus, for example, in 
the case of two services, at the end of each TTI, two different potential SIR target 
change values are determined, one derived from each service. Any suitable outer 
25 loop power control algorithm may be used for this, e.g. a sawtooth algorithm. 
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Hien the plural (here, two) calculated potential SIR target changes are compared, 
and the greater of the two is used as the actual SIR target change, i.e. the SIR 
target used in the inner power loop control algorithm over the course of the next 

•m is changed by an amount equal to the greater of the two derived potential 
SIR target change values, llus provides a process whereby the requirements of 
both services tend to be met or exceeded. 

In other versions of this second embodiment, the respective potential 
changes in tiie SIR target may be determined at time intervals otiier than at the 
end of each TTl. Such time intervals may be constant, or varied according to any 
suitable algoritiun, and may be based upon Tn's or any other suitable timing 
consideration. 



HG. 4 is a process flowchart showing a summary of the process steps 
carried out in tiiis second embodiment by tiie UE 62 (for the present account of 
power contix)l as appUed to tiie downlink transmission), when ttiere are two 
services being communicated, e.g. a (first) speech service and a (seccmd) data 
service. At step sl2, tiie UE 62 determines whettier ttiere are plural services being 
communicated. When tiie outcome is tiiat ttiere are not plural services, ttien tiiis 
particular process is ended (alttiough it wiU typicaUy be repeated whenever ttie 
service status is detected as changed by virtue of some otiier ongoing process). 
However, when tiie outcome is ttiat tiiere are indeed plural services, tiien tiie 
process moves to step sl4. At step sl4, tiie UE 62 identifies tiiat tiie next time 
interval is readied, i.e. in ttiis embodiment ttiat tiie TTI has ended. In ttus 
embodiment tiiere are two services being communicated, hence at step sl6, tiie 
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UE 62 calculates a SIR target change for the first service and at step sl8, the UE 62 
calculates a SIR target change for the second service. At step s20, the UE 62 . 
compares the two respective services' SIR target changes and determines which 
is tiie highest At step s22, the UE 62 provides the hig^iest (here higher of two) 
5 SDR target change for use as ttie required change or increment in the inner loop 
power control process, ie. the highest of the determined SIR target changes is 
provided for use in the inner loop power control proress where the inner loop 
power control SDR target is ctmsequentty changed by that amount The process 
then returns to step sl2, and so on, until it is determined on one of the repetitions 
10 of step sl2 that there are no longer plural services being communicated. (The 
actual use of the highest SIR target change in the inner loop power control 
process is not shown as such in FIG. 4, as the timing of ti^is is not necessarily 
consistent with the return to step sl2 from step s22 in the process flowchart of 
nG.4.) 

15 

For power control as applied to the uplink transmission, corresponding 
process steps are performed by tiie Node-B 24 (or RNC 38). 

Thus, in overview, in this second embodiment a s^arate correction to the 
20 SIR target is periodically, Le. at time intervals, calculated for each respective 
service. For each such time interval, the resulting respective required SIR target 
changes are compared, and tiie highest change is used as the overall derived 
correction to tiie SIR target from that time interval. 
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A third embodiment will now be described. In this third embodiment, the 
same apparatus and processes as described for the first and second embodiments 
above are employed, except where mentioned in the following. 

In this third embodiment, a separate respective outer loop power control 
algorithm is performed for each of tiie plural services being communicated. Thus 
plural outer loop power control algorithms are rvm in parallel. Consequently, 
after each calculation time interval of the algorithms, a respective current SIR 
target will have been calculated for each service. FIG. 5 is a sdienwtic illustration 
showing, by way of example, simplified plots of the SIR targets provided in the 
case of two services, namely a plot 301 of the SIR target calcvilated for the first 
service (data, say) and a plot 302 of the SIR target calculated for the second 
service (voice, say) as a function of time. As shown in HG. 5, each of the plots is 
formed of values of the respective SIR targets determined at consecutive time 
points to, ti, t2 ... b, each of tiiese occurring at the end of a time interval 304. In 
Has embodiment, each time interval 304 is a TTI, and each time point to, ti, tz .. . t9, 
is at the end of a respective TTL For clarity, the plots 301, 302 in FIG. 5 are only 
shown over tiie course of nine time intervals 304, however it will be appreciated 
that in normal operation there will be a very large number of time intovals over 
the course of, say, a typical call. 

In this third embodiment, at each time point to, ti, t2 . . . t9, the respective 
SIR targets of the different services are compared, and the highest one is \ised as 
the SIR target, i.e. tiie value for the SIR target used in the inner power loop 
control algorithm over the course of the next TTI is the highest SIR target from 



-22- 



CE10327EP 



amongst the respective SIR targets determined for each service. In the example 
shown in FIG. 5, as can be seen by comparing plot 301 of the SIR target of the 
first service with plot 302 of the SIR target of the second service, the SIR target of 
the first service is higher than the SIR target of the second service for time points 
5 to to t5 inclusive; whereas the SIR target of the second service is higher than ttie 
SIR target of the first service for time points ts to t9 inclusive. Thus, in this 
example, the SIR target of the first service is used in the inner loop power control 
process as the overall SIR target for time points to to ts, whereas the SIR target of 
the second service is used in the inner loop power control process as the overall 
1 0 SIR target for time points t6 to t9. 

As in the case of the earlier described second embodiment, this third 
ennbodiment provides a process whereby the requirements of both services tend 
to be met or exceeded, but in comparison to the second embodiment provides a 
15 further potential advantage of constiming less power than the second 

embodiment, since there will potentially be occasions when the SIR target is 
decremented in this third embodiment but woidd have been incremented in the 
second embodiment. 

20 In other versions of tius third embodiment, tiie respective SIR targets may 

be determined at time intervals other than at the end of each TTI. Such time 
intervals may be constant, or varied according to any suitable algorithm, and 
may be based upon TTI's or any other suitable timing consideration. 
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FLG. 6 is a process flowchart showing a summary of the process steps 
carried out in this third embodiment by the UE 62 (for the present account of 
power control as appKed to the downlink transmission), when there are two 
services being communicated, e.g. a (first) speech service and a (second) data 
service. At step s32, the UE 62 determines whether liiere are plural services being 
communicated. When tiie outcome is iiiat there are not plural services, then this 
particular process is ended (although it will typically be repeated whenever the 
service status is detected as changed by virtue of some other ongoing process). 
However, when the outcome is that there are indeed plural services, then the 
process moves to step s34. At step s34, the UE 62 identifies that the next time 
interval is reached, i.e. in this embodiment that the TTI has ended. In this 
embodiment there are two services being communicated, hence at step s36, the . 
UE 62 calculates a SIR target value for the first service and at step s38, the UE 62 
calculates a SIR target value for the second service. At step s40, the UE 62 
compares the two respective services' SIR targets and determines which is the 
highest At step s42, the UE 62 provides the highest (here higher of two) SIR 
target values for use as the updated SIR target value in the inner loop power 
control process, i.e. the higjhest of the determined SIR targets is provided for use 
as the SIR target in the inner loop power control process. The process ttien 
returns to step sl2, and so on, until it is determined on one of the repetitions of 
step sl2 that there are no longer plural services being communicated. (In 
practise, the UE 62 will typically also actuaUy use the provided highest SIR target 
value as the SIR target in the inner loop power control process, but this is not 
shown as such in FIG. 6 as the timing of this is not necessarily consistent with the 
return to step s32 from step s42 in the process flowchart of FIG. 6.) 
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For power control as applied to the upliiik transmission, corresponding 
process steps are performed by the Node-B 24 (or RNC 38). 

Thus, in overview, in this third embodiment, a separate new SIR target 
value is periodically, i.e. at time intervals, calculated for each respective service. 
For each such time interval, the resulting respective SIR targets are compared 
and the highest SIR target value is used as the overall new SIR target value from 
that time intervaL 

A fourth embodiment will now be described. In this fourtti embodiment, 
the same apparatus and processes as described for titie first, second and third 
embodiments above are employed, except where mentioned in the following. 

This fourth embodiment is based on the above described third 
embodiment, but comprises a further adjustment stage, in which if it is 
determined that the calculated SIR target of any of ttie services is, over a 
predetermined amount of time, or predetermined number of time intervals, 
particularly high or low compared to the calculated SIR targets of ttie other 
services, for example the difference is greater than a predetermined threshold, 
then the rate matching parameters of one or more of the services are adjusted to 
bring the particularly high or low SIR target and the SIR targets of the other 
services closer together. 
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A situation where this may be applied is for the case of the SIR targets 
provided according to tiie method of the third embodiment above if their values 
with time are found to be of, say, a form as shown schematically in FIG, 7, FIG. 7 
is a schematic illustration showing, by way of another example, further 
5 simplified plots of the SIR targets provided in the case of two services, FIG. 7 
tises the same reference ntimerals to identify the same features as were used in 
FIG, 5. 

In the example of FIG. 7, tiie plot 302 of the SIR target calculated for the 
10 second service is higher than plot 301 of the SIR target calctdated for the first 
service by more than a predetermined threshold 401 over the coturse of a 
predetermined number of TTI time intervals 304, which in this simplified 
example is nine time intervals. (In practical systems, rather than this simplified 
example, the number of time intervals required to be satisfied will typically be 
15 much higher than this, and wiU be specified or selected, along with the difference 
threshold 401, by the skilled practitioner according to the requirements of the 
particular system or circumstances under consideration.) This implies that the 
quality of service of the second service may be better than it needs to be, with 
unnecessarily high consimiption of power. The power/performance balance is 
20 potentially improved by the following process carried out in this fourth 
embodiment. 

In response to the difference between the respective SIR targets of tiie two 
services being more than a predetermined threshold for more than a 
25 predetermined time, the rate matching parameters of both services are altered, to 
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bring the respective SIR targets doser together. In particular, repetition is added 
to the first service, and puncturLng is added to the second service. This may be 
implemented in any suitable fashion, although in this embodiment this is 
convenientiy implemented mid-call using existing messages known as Radio 

5 Resoxirce Control (RRC) message Transport Channel Reconfigure. (In other 
versions of this embodiment, the adjustment comprises only eittier repetition 
being added to the first service or puncturing being added to the second service. 
In the case of more than two services, any combination of adding repetition to 
one or more of the services with relatively lower SIR target, and/or adding 

10 ptmcturing to one or more of the services wiiii relatively higher SIR target may 
be employed.) 



More generally, in other versions of this fourth embodiment, the 
adjustment may be triggered by comparison of an average difference between 
1 5 the SIR targets of plural services over a given time to the predetermined 
difierence threshold. 



Furthermore, the above described monitoring of the differential with 
respect to the predetermined threshold 401 may be carried out at all times, or 

20 triggered by any predetermined event or parameter values as required. One 

particular possibility is to trigger this process when the process described for the 
third embodiment above continues for a given amotmt of time or ntimber of time 
intervals without the respective plots of the SIR targets of the two services 
"crossing over", Le. changing witii respect to which is the higher value (or in the 

25 case of more flian two services, when the plot of the SIR target of one service 
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does not cross over any of the plots of the other services during a given amoxint 
of time or number of time intervals). 

FIG. 8 is a process flowchart showing a summary of the process steps 
carried out in this fourth embodiment by the UE 62 (for the present account of 
power control as appUed to the downlink transmission), when there are two 
services being communicated, e.g. a (first) speech service and a (second) data 
service. Steps s32, s34, s36, s38, s40 and s42 are as described above for tiie third 
onbodiment. 

In addition, after step s40, at step s50, the difference between the SIR 
targets of the two services is compared to a criterion or criteria. In ibis example, 
the criteria are that the difference in the SIR targets at this time interval 304 is 
greater than the predetermined threshold 401, and that this is the ninth 
consecutive time interval 304 for which ttus is the case. If these criteria are not 
met, then the process moves to step $42. However, if these criteria are met, then 
the process moves to step s52. At step s52, the UE 62 provides (internal) 
adjustment instructions for adjusting the rate matching parameters on the first 
service and/or the second service. In this example, the adjustment instructions 
are for adding repetition to the first service and adding puncturing to the second 
service. The process then moves on to step s42. (In practise, the UE 62 will 
typically also actually implement the provided adjustment instructions, but this 
is not shown as such in HG. 8, as tiie timing of tiiis is not necessarily consistent 
with the return to step s32 from step s42 in the process flowchart of FIG. 6.) 
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For power control as applied to the uplink transmission, corresponding 
process steps are performed by the Node-B 24 (or RNC 38). 

In ihe flowcharts of FIGs. 4, 6 and 8, all process steps are shown (and 
described in the corresponding part of the description) as being implemented 
one after the other, but it will be appreciated that many of the steps, for example 
step s2 and step s4 in FIG. 3, step sl6 and step sl8 in FIG. 4, and step s36 and step 
s38 in FIG. 6 and FIG. 8, may be performed at the same time in parallel or in 
some otiier overlapping manner. 

Alttiough in certain of the above embodiments the niunber of different 
services is two, it will be appreciated that the invention is applicable to pluralities 
of services comprising more than two services. Also, in the case of two or more 
services, one of the services of liie plurality of services may ki fact be a signalling 
channel. 

In the above embodiments the iimer loop power control performance 
target is a SIR target, but in other embodiments other performance targets may 
be employed. 

The above embodiments are implemented in a cellular radio 
commtmications system, more particularly a UMTS system, in which inner loop 
power control and outer loop power control are defined in the UMTS standards 
and are well known to the skilled person. However, other embodiments may be 
implemented in other types of cellular radio communications systems, and more 
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generally in other types of radio commimicatians systems, which have inner loop 
power control and outer loop power control. The terms "inner loop power 
control" and "outer loop power contior are to be understood to extend, as 
appropriate in the case of radio communications systems other than UMTS, to 

5 any power control arrangements, processes or algorithms in which a first 

parameter or plurality of parameters or function is assessed against a target on a 
first timescale to determine possible power changes (i.e. inner loop power 
control) and where the target itself is adjusted in view of a second parameter or 
plurality of parameters or function on a second timescale longer ttian the first 

10 timescale (Le. outer loop power control), even if such power control aspects are 
not called "irmer loop" and "outer loop" as such in the terminology tisually used 
for such systems. 



I 
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CLAIMS 

1. An outer loop power control metiiod performed in a radio 
communications system, the method comprising: 
5 determining that a plurality of different services are being communicated; 

performing a comparison with respect to the different services; and 
providing an inner loop power control performance target in a maimer 
dependent upon the comparison. 

10 2. A method according to daim 1, wherein the step of performing a 

comparison with respect to the different services comprises selecting one of the 
services; and the step of providing the inner loop power control performance 
target comprises providing the inner loop power control performance target of 
the selected service. 

15 

3. A method according to daim 2, wherein selecting one of the services 
comprises selecting flie service whidi is the least delay tolerant service. 

4. A method according to daim 2, wherein selecting one of the services is 
20 performed based upon a comparison of one or more quality of service 

diaracteristics or requirements of the services. 

5. A method according to daim 2, wherein selecting one of tiie services 
comprises receiving an input from a user or operator specifying the service. 

25 



-31- 



CE10327EP 



6. A method according to daim 1, further comprising: 

periodically calculating, for each of the services, a separate change to the 
current inner power loop performance target; 

wherein performing a comparison with respect to the different services 
comprises comparing the resulting respective current iimer power loop 
performance target changes; 

identifying the largest of the resulting respective current inner power loop 
performance target changes; and 

changing the current inner power loop performance target by the amount 
of the identified largest resultmg respective current inner power loop 
performance target changes to arrive at the iimer loop power control 
performance target being provided. 

7. A method according to daim 1, furtiier comprising: 

periodically calculating, for each of the services, a separate new iimer loop 
power control performance target value; 

wherein performing a comparison with respect to the different services 
comprises comparing the resulting respective inner loop power control 
performance target values; 

identifying the highest inner loop power control performance target value 
from among the resulting respective inner loop power control performance 
target values; and 

using the identified highest inner loop power control performance target 
value as the inner loop power control performance target being provided. 
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8. A method according to daim 7, further comprismg: 

determining that one of the restilting respective inner loop power control 
performance target values differs from the resulting respective inner loop power 
control performance target value of one or more of the other services by more 
than a predetermined tiireshold for more than a predetermined time; 

responsive thereto, adjtisting rate matching parameters of one or more of 
the services to bring the differing respective inner loop power control 
performance target value closer to the resulting respective inner loop power 
control performance target values of ttie one or more ottier services. 

9. A method according to any of claims 1 to 8, wherein the inner loop power 
control performance target is a signal to interference ratio, SIR, target 

10. A metiiod according to any of claims 1 to 9, wherein flie radio 
commimication system is a celluleir radio commvinications system. 

11. A method according to daim 10, wherein the cdlular radio 
communications system is a UMTS system. 

12. A storage mediimi storing processor-implementable instructions for 
controlling a processor to carry out the method of any of daims 1 to Il- 
ls. Apparatus for performing an outer loop power control method in a radio 
conununications system, comprising: 
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means for detennming that a plurality of different services are being 
communicated; 

means for performing a comparison with respect to the different services; 

and 

5 means for providing an inner loop power control performance target in a 

manner dependent upon the comparison. 

14. Apparatus according to daim 13, wherein the means for performing a 
comparison with respect to the different services comprises means for selecting 

10 one of the services; and tiie means for providing tiie iimer loop power control 
performance target comprises means for providing the inner loop power control 
performance target of the selected service. 

15. Apparatus according to daim 14, wherein the means for selecting one of 
15 the services comprises means for selecting the service which is the least delay 

tolerant service. 

16. Apparatus according to daim 14, wherein the means for selecting one of 
the services comprises means for basing the selection upon a comparison of one 

20 or more quality of service characteristics or requirements of the services. 

17. Apparatus according to daim 14, wherein the means for selecting one of 
the services comprises means for receiving an input from a user or operator 
specif5dng the service. 
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18. Apparatus according to daim 13, further comprising: 

means for periodically calculating, for each of the services, a separate 

change to the current inner power loop performance target; 
5 wherein the means for performing a comparison with respect to the 

different services comprises means for comparing the resulting respective 

current inner power loop performance target changes; 

means for identifying the largest of flxe resulting respective current inner 

power loop performance target changes; and 
10 means for changing the current inner power loop performance target by 

the amount of the identified largest resulting respective current iimer power loop 

performance target changes to arrive at tiie inner loop power control 

performance target being provided. 

15 19. Apparatus according to daim 13, further comprising: 

means for periodically calculating, for eadi of the service, a separate new 
inner loop power control performance target value; 

wherein ttie means for performing a comparison vsdtiti respect to the 
different services comprises means for comparing the resulting respective inner 
20 loop power control performance target values; 

means for identifying the highest inner loop power control performance 
target value from among the resulting respective inner loop power control 
performance target values; and 
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means for using the identified highest inner loop power control 
performance target value as the inner loop power control performance target 
being provided. 

20. Apparatus according to daim 19, further comprising: 

means for determining that one of the resulting respective inner loop 
power control performance target values differs from the resulting respective 
inner loop power control performance target value of one or more of the other 
services by more than a predetermined threshold for more tiian a predetermined 
time; 

means for adjusting, responsive thereto, rate matching parameters of one 
or more of the services to bring the differing respective inner loop power control 
performance tMget value doser to the resulting respective inner loop power 
control performance target values of the one or more other services. 

21. Apparatus according to any of daims 13 to 20, wherein the inner loop 
power control performance target is a signal to interference ratio, SIR, target 

22. An element of a cellular radio communications system, comprising 
apparatus according to any of daims 13 to 21. 

23. An element of a UMTS cellular radio commxmications system, comprising 
apparatus according to any of daims 13 to 21. 
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24. A method of providing an inner loop power control performance target 
substantially as hereinbefore described with reference to the accompanying 
drawings. 

25. Apparatus for providing an inner loop power control performance target 
substantially as hereinbefore described with reference to the accompanying 
drawings. 
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COMMUNICATIONS POWER CONTROL 

ABSTRACT 

An outer loop power control method and apparatus for a radio commiinications 
system, for example a UMTS cellular radio communications system (60), 
comprising: determining that a plurality of different services are being 
coiximunicated; performing a comparison with respect to the different services; 
and providing an inner loop power control performance target, for example a 
signal to interference ratio (SIR) target, in a manner dependent upon the 
comparison. 
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